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© Method and system for localized fluid-assisted injection molding and body formed thereby. 



© A method and system are disclosed for locally 
introducing fluid, such as a gas. at a predetermined 
location into molten resin downstream from a resin 
injection aperture to form a hollow part The gas is 
utilized at the localized area to distribute the molten 
resin, to eliminated molded in stress and to prevent 
formation of sink marks in the part during resin 
solidification. An overflow reservoir outside of the 
mold cavity is filled with the resin during resin injec- 
tion and then the gas is introduced into the reservoir 
through a fluid aperture and into the part. The reser- 
voir creates a cocoon of solidified material to act as 
a seal to prevent gas leakage. One hollow body 
formed by the method and system includes a sub- 
stantially endless hollow body portion with a fluid 
2?opening for communicating the interior of the hollow 
"body portion with the locally introduced fluid. The 
I** hollow body provides an internal gas manifold and 
means for greater structural integrity. 



CM 
CO 



Q. 

LU 



INJECT MOLTEN RESIN INTO 
MOLD THROUGH AN INJECTION 
APERTURE 



96 



INJECT A FLUIO^INTO^Ma.0 



TO DISTRIBUTE 



>LTEN 



RESIN OVER WTERIO* SUR- 
FACE OF THE MOLD 



COOL THE RESULTING BOOT 
TO A TEMPERATURE BENEATH 
THE SOFTENING POINT OF 
THE RESIN 



IOO 



RELIEVE THE PRESSURE 
WITHIN THE BOOT 



102 



OPEN THE MOLD AND REMOVE 
THE BOOT 



104 
4 



\ 



Fig.2 



Xerox Copy Centre 



EP0 321 117 A2 



METHOD AND SYSTEM FOR LOCALIZED FLUID-ASSISTED INJECTION MOLDING AND BODY FORMED 

THEREBY 



TECHNICAL FIELD 



This invention relates to a method and system 
for fluid assisted injection molding and body 
formed thereby and, in particular, to method and 
system for localized fluid assisted injection molding 
and body formed by the method and system. 



BACKGROUND ART 



shoe heels with compressed gas blown into the 
center of the plastic mass. The resulting hollow 
cavity is then filled with a synthetic foam. 

Part requirements and tooling considerations 
5 (i.e. thin steel sections), however, may prevent the 
introduction of gas directly into the part. 



DISCLOSURE OF THE INVENTION 



The specific object of the present invention is 
to provide an improved method and system for 
making at least one body from plastic resin by 
injection molding wherein fluid is injected at a 
predetermined location into the resin melt flow in 
the mold at a location downstream from a resin 
injection aperture in the mold. The mold may have 
many cavities which, in turn, may have individual 
fluid entry orifices. 

In carrying out the above object and other 
objects of the present invention, a method for mak- 
ing a hollow-shaped body from a plastic resin in a 
fluid assisted injection molding system is provided. 
The system includes a mold having an injection 
aperture, a body forming cavity and a resin reser- 
voir outside of the cavity and in communication 
therewith. The method includes the step of inject- 
ing an amount of molten resin sufficient for the 
preparation of the body from an injection nozzle 
through the injection aperture, along a resin flow 
path and into the cavity in the mold, wherein the 
reisn at least partially fills the reservoir. The meth- 
od further includes the step of locally injecting a 
fluid into the reisn in the reservoir through at least 
one fluid aperture in the mold to at least partially 
distribute the molten resin over interior surfaces 
defining the cavity whereby the body is formed 
within a predetermined portion of the cavity. The 
method also includes the steps of cooling the body 
so formed to a temperature beneath the softening 
point of the resin, relieving the pressure within the 
body and, finally, opening the mold to remove the 
body. 

The injection molding system constructed in 
accordance with the present invention includes a 
source of fluid and an injection molding machine 
having a nozzle for injecting the molten resin. A 
fluid injecting mechanism is at least partially dis- 
posed in the mold for locally injecting fluid into the 
resin at the fluid aperture which is located remote 
from the injection aperture. The mold has at least 
one resin reservoir outside of the cavity and in 
communication therewith to receive the plastic res- 



It is weii known in the plastic molding art to use 1$ 
pressurized fluid in conjunction with the injection 
molding of articles. The pressurized fluid is typi- 
cally nitrogen gas which is introduced into the 
molten plastic. 

Pressurized fluid serves may purposes. Rrst, it 20 
allows the article so formed to have hollow interior 
portions which result in weight and material sav- 
ings. Secondly, it minimizes the molded in stresses 
by eliminating high second stage injection pres- 
sure. This also reduces part weight in that the gas as 
is used to fill out the part Thirdly, the pressurized 
fluid applies outward pressure to force the plastic 
against the surfaces of the mold cavity while the 
article is setting up. This enhances surface quality 
by eliminating sink marks, especially in areas of 30 
the article having thicker plastic sections, such as 
structural ribs or bosses. 

One problem associated with fluid-assisted in- 
jection molding is that some parts are of such a 
size and shape so as to reduce the benefits nor- 35 
mally obtained from the use of fluid-assisted injec- 
tion molding. For example, for some items it is 
near impossible for the gas introduced at the injec- 
tion aperture to move to the farthest reaches of the 
mold cavity. Very complex channel configurations 40 
throughout the part would be required to put the 
gas in a local area where it is needed and to the 
farthest reaches of the mold. 

U.K. Patent Application 2,139,548 discloses an 
injection molding process wherein pressurized fluid 45 
is injected into a stream of plastic material at one 
or more selected positions in the mold space. 

U.S. Patent No. 4,474,717 discloses a localized 
fluid-assisted injection molding method and system 
including a probe having a head with one or more 50 
fluid orifices. In one embodiment the probe is re- 
tractable. 

West German Patent Document 2,106,546 dis- 
closes a method and apparatus for forming plastic 
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in, the reservoir communicating the fluid aperture 
and the mold cavity. 

One hollow body formed by the method and 
system has a substantially endless hollow body 
portion formed within the body by the fluid. 

In one embodiment, the mold has a spillover 
reservoir In communication with the cavity. Excess 
resin at least partially fills the spillover reservoir 
during distribution of the resin over the interior 
surfaces. 

In another embodiment the fluid aperture is 
formed by a pin and the pressure is relieved 
through the pin. 

The objects, features and advantages of the 
present invention are readily apparent from the 
following detailed description of the best mode for 
carrying out the invention when taken in connection 
with the following drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIGURE 1 is a schematic view, partially 
broken away and in cross-section, of a conven- 
tional fluid assisted Injection molding system In- 
cluding a mold in its open position, a source of 
fluid and its associated control valve and an injec- 
tion molding machine having a nozzle; 

FIGURE 2 is a block diagram illustrating the 
various steps of the method of the present inven- 
tion; 

FIGURE 3 is a schematic view, partially 
broken away and in cross-section, which illustrates 
the method and system of the present invention 
wherein local fluid injection is provided by creating 
an overflow reservoir outside of the cavity of the 
mold; 

FIGURE 4 is a view, partially broken away 
and in cross-section, of a portion of the body 
formed by the method and system of FIGURE 3 
taken along lines 4-4; 

FIGURE 5 is side cross-sectional view of a 
stack of plastic garbage C3ns constructed in accor- 
dance with the present invention; 

FIGURE 6 is an enlarged view, partially 
broken away and in cross-section, of an annular lip 
portion of one of the garbage cans; 

FIGURE 7 is a top view illustrating a first 
endless hollow body portion; 

FIGURE 8 Is a view, partially broken away 
2nd in cross-section, taken along linos 8-8 In FIG- 
URE 7 during the forming process of the first body 
portion; 

FIGURE 9 is a top view illustrating a second 
endless hollow body portion; 



FIGURE 10 Is a view, partially broken away 
and in cross-section, taken along lines 10-10 in 
FIGURE 9 during the forming process of the sec- 
ond body portion; 
5 FIGURE 1 1 is a top view of the first body 

portion and an associated spillover reservoir; 

FIGURE 12 is a view illustrating the invention 
and a multi-gate system; and 

FIGURE 13 is a view of the invention and a 
to hot runner system. 



BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

16 

Referring now to FIGURE 1 , there is illustrated 
a conventional gas-assisted injection molding sys- 
tem, generally indicated at 10, for making a plastic 

20 body from plastic resin. A general understanding of 
the different components of the system 10 is useful 
In understanding the method and systBm of the 
present invention. 

"Briefly, the injection molding system 10 in- 

25 eludes an injection molding machine, generally in- 
dicated at 12. having a nozzle, generally indicated 
at 14, for injecting predetermined amounts or shots 
of molten resin. The injection molding machine 12 
includes a hydraulic screw ram 16 which is dis- 

3Q posed in a bore 18 formed in a barrel 20 of the 
injection molding machine 12. The ram 16 plasti- 
cizes and advances resin towards the nozzle 14. 
Upon complete plasticization of the resin, the screw 
ram 16 Is hydraullcally advanced towards the end 

35 portion 22 of the barrel 20 to inject molten plastic 
through the nozzle 1 4 as is well known in the art 

The system 10 also includes a pressurized 
fluid supply 24 which supplies pressurized fluid, 
(i.e. typically nitrogen gas), to the nozzle 14 

40 through a fluid control valve 26. The .valve 26 
controls the flow of pressurized fluid from the fluid 
supply 24 in synchronization with the injection of 
molten plastic from the nozzle 14 as is also well 
known in the art 

46 The system 10 further includes a mold or a 
moid body, generally indicated at 28. As illustrated 
in FIGURE 1, the moid 28 comprises a two-plate 
mold body. One of the plates includes a locating 
ring 30 for locating the injection end of the nozzle 

so 14. The locating ring 30 is mounted on a clamp 
plate 32 which, in turn, is fixedly connected to a 
cavity retainer plate or cavity plate 34. A sprue 
bushing 36 Is disposed within the locating ring 30 
and is supported by the clamp plat© 32. 

55 Leader pins 38 on the cavity plate 34 provide 
the male half of the malertemais connection of the 
first plate with the second plate of the two-plate 
mold 23, In particular, the second plate includes 
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leader pin bushings 40 (only one of which is 
shown) which slidably receive and retain the leader 
pins 38 therein in the closed position of the mold 
28. The leader pin bushings 40 are retained within 
a core retainer plate 42. The core retainer plate 42 
is fixedly connected to a support plate 44 which, in 
turn, is connected to an ejector retainer plate 46. 
The ejector retainer plate 46 is connected to an 
ejector plate 48 which, in turn, is supported by 
support pillars 50. The support plate 44 is also 
fixedly connected to the ends of a U-shaped ejec- 
tor housing 52 in which the support pillars 50 are 
also connected. 

The plate 46 supports a plurality of return pins 
54, ejector pins 56 and a sprue puller pin 58 which 
extend toward the plate 34 and through the plates 
42 and 44. The ejector pins 56 are provided for 
ejecting parts P formed within the mold 28. The 
sprue puller pin 58 is aligned with the sprue bush- 
ing 36. 

As illustrated in FIGURE 1, the parts P are 
interconnected by a sprue 60, a runner 62 and 
gates 64 which define a resin flow path from the 
sprue bushing 36 to cavities 66. Opposing surfaces 
of male and female mold parts 68 and 70, respec- 
tively, define the cavities 66. The mold parts 68 are 
supported on the piate 46 and the mold parts 70 
are supported on the cavity retainer plate 34. 

Referring now to FIGURE 3, there is illustrated 
an embodiment of the present invention. In particu- 
lar, the mold 28 includes an overflow reservoir 112 
outside of a mold cavity 114 of the mold 28. Gas is 
introduced into the reservoir 112 through a pas- 
sageway 116 formed by an insert 117. Gas flows 
from the valve 26, through the passageway 116 
and through a fluid aperture 118 which, in turn, 
extends through the resin reservoir 112 and into 
the part proper. Preferably, the flow of resin fills the 
resin reservoir 112 before the resin requirement for 
the mold part is complete so that the gas accom- 
plishes the final mold cavity filling without break- 
through. Such construction allows for better tool 
construction with less maintenance. 

Obviously, there are numerous choices of gas 
entry and exit devices possible for controlled gas 
entry and gas exit with respect to the part. 

In the example of FIGURES 3 through 6 a 
garbage can 120 is formed and may be stacked, as 
illustrated in FIGURE 5. This is true even though it 
is highly desirable to have a stronger rim 122 that 
will stay round to accept a corresponding lip. The 
size and shape of the garbage can 120 typically 
precludes the use of gas distribution from the 
sprue of the mold 28. For example, stacking con- 
siderations precludes the use of gas channels from 
the sprue. Also, the thin lip section 124 of the 
garbage can's rim 122 may prevent the introduc- 
tion of gas directly into the rim 122 because of 



tooling considerations (i.e. thin steel sections) and 
part requirements. 

Without departing from the scope of the 
present invention, FIGURES 7 and 9 illustrate first 

s and second hollow endless bodies, generally in- 
dicated at 72 and 74, respectively, formed by the 
method and system of the invention by fluid injec- 
tion through fluid apertures 73 and 75, respectively. 
The method and system include a pin, generally 

10 indicated at 76, which forms the fluid apertures 73 
and 75 and which extends into a resin reservoir 
formed during resin injection in the bodies 72 and 
74. Also, one or more pins 76 may be utilized with 
or without the gas assistance from the nozzle in 

75 some applications. 

A tip portion 78 of the pin 76 divides each of 
the fluid apertures into a pair of orifices 80 and 82 
which extend in substantially opposite directions to 
distribute the resin in opposite directions to form 

20 first and second compartments 84 and 86 in each 
of the hollow-shaped bodies 72 and 74. The 
orifices 80 and 82 prevent the gas from taking one 
direction and also the gas and the resin do not 
have to travel very far. Alternatively, each of the 

25 fluid apertures terminates at a single orifice. 

The tip portion 78 may be either relatively 
conductive or relatively non-conductive. 

Gas entry into the bodies 71 and 74 from the 
pin 76 is preferably parallel to the resin flow path. 

30 The pressure of the gas may be at a higher pres- 
sure, lower pressure or a pressure equal to the 
pressure of the resin in the moid. 

The gas may be vented through the pin 76 or 
may be vented at another location separate from 

35 the pin 76 to remove pressure from the part. Gas 
exit from the mold is preferably through the pin 76, 
but may be elsewhere In the mold or by pin 
retraction. 

The system may allow spillover into a spillover 
40 reservoir 88, as indicated in FIGURE 11, positioned 
substantially opposite the fluid aperture 73. The 
spillover reservoir 88 facilitates the creation of the 
endless hollow bodies 72 and 74 which are as 
close to endless as possible due to minor vari- 
es ations in process parameters. 

The gate between resin reservoir 112 and the 
part proper Is removed after the molding process is 
complete. Likewise, the gate between the reservoir 
88 and the body 72 is also removed. Any resulting 
so hole caused by the flow of gas to and from the part 
can be closed in any number of ways in order to 
prevent contamination within the part during a sub- 
sequent plastic processing step. 

Also, with two fluid apertures into the mold 
55 cavity (i.e. spaced 180 degrees apart) a bulkhead 
may be formed within the hollow body to define 
two separate compartments. The bulkhead would 
be formed approximately 90 degrees from each of 
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the fluid apertures. 

The apparatus of FIGURES 3, 8 and 10 may 
be utilized with a regular sprue with a nozzle in a 
system having multiple resin flow apertures from a 
single sprue 91 into a part 92, as illustrated in 
FIGURE 12, or a hot runner manifold 94 with a 
nozzle as illustrated in FIGURE 13. 

Referring now to FIGURE 2 in combination with 
FIGURE 3, there is illustrated, in flowchart form, 
process steps of the method of the present inven- 
tion. 

In step 96, plastic resin is injected into the 
mold 28 through an injection aperture formed in the 
sprue bushing 36. 

In step 98, gas is injected into the mold 28 
through the fluid aperture 118 under control of the 
valve 26. 

In step 100, the gas supports the plastic article 
or part in the mold cavity 66 against the interior 
surfaces thereof until the article cools. 

In step 102, the gas is vented through an 
opening formed in the part and back through the 
gas passageway 116 and the aperture 118 under 
control of the valve 26. Obviously, numerous meth- 
ods and devices are available to perform the pres- 
sure relieving step in a suitable manner. 

In step 104, the mold 28 is opened to remove 
the part from the mold 28. 

The method and system of the present inven- 
tion provides numerous advantages. For example, 
when the pin 76 of FIGURES 8 and 10 includes a 
conductive tip portion 78, the molten resin heats 
the tip portion 78 to thereby prevent premature 
skin formation at the fluid aperture. Also, when a 
reciprocating pin is utilized, the tip portion breaks 
through any skin formation in the. mold if the tip 
portion is non-conductive. If the tip portion is con- 
ductive the molten resin will seal the hole formed 
by the tip portion when the tip portion is retracted. 
Alternatively, if the fluid aperture is coaxial with the 
pin, pin retraction may cause a small vent hole to 
be formed in the part. 

The method and system maintains pressure at 
a localized area of the mold to prevent formation of 
a sink mark during resin solidification. The method 
and system can be used to create hollow bodies 
throughout a part not attainable with a single gas 
orifice through the injection aperture. Furthermore, 
use of multiple resin reservoirs allows for part sec- 
tionalization of hollow bodies. 

While the best mode for carrying out the inven- 
tion has herein been described in detail, those 
familiar with the art to which this invention relates 
will recognize various alternative designs and em- 
bodiments for practicing the present invention as 
defined by the following claims. 



Claims 

1. A method for making a hollow-shaped body 
from a plastic resin in a fluid-assisted injection 

5 molding system including a mold having an injec- 
tion aperture, a body forming cavity and a resin 
reservoir in communication with the cavity, the 
method comprising: 

injecting an amount of molten resin sufficient for 
10 the preparation of the body from an injection noz- 
zle through the injection aperture, along a resin 
flow path and into the cavity in the mold, wherein 
the resin at least partially fills the reservoir; 
injecting fluid into the molten resin in the reservoir 
75 through at least one fluid aperture in the reservoir 
to at least partially distribute the resin over interior 
surfaces defining the cavity whereby the body is 
formed within a predetermined portion of the cav- 
ity; 

20 cooling the body so formed to a temperature be- 
neath the softening point of the resin; 
relieving the pressure within the body; and 
opening the mold to remove the body. 

2. In an injection molding system for making a 
25 hollow-shaped body from a plastic resin, the sys- 
tem including a mold, a source of fluid and an 
injection molding machine having a nozzle for in- 
jecting an amount of molten resin sufficient for the 
preparation of the body into the mold through an 

30 injection aperture along a resin flow path and into a 
cavity in the mold, fluid injecting means for locally 
injecting fluid into the molten resin through at least 
one fluid aperture remote from the injection ap- 
erture to at least partially distribute the resin over 

35 the interior surfaces defining the cavity, the im- 
provement comprising: 

the mold having a resin reservoir in communication 
with the cavity to receive the plastic resin and 
wherein the reservoir communicates the fluid ap- 
40 erture and the mold cavity. 

3. The invention as claimed in claim 1 or claim 
2 wherein the mold has more than one injection 
aperture. 

4. The invention as claimed in claim 1 or claim 
45 2 wherein the mold has more than one resin reser- 
voir. 

5. The invention as claimed in claim 1 or claim 
2 including more than one fluid aperture. 

6. The invention as claimed in claim 2 wherein 
so the fluid injecting means includes a valve mecha- 
nism for controlling the flow of the fluid into the 
resin reservoir. 

7. The invention as claimed in claim 2 wherein 
the system includes a multi-nozzle, hot runner, 

55 manifold system. 

8. The invention as claimed in claim 2 wherein 
the system includes a multi-gate runner system. 
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9. The invention as claimed in claim 1 or claim 
2 wherein the mold has a resin spillover reservoir 
in communication with the cavity and wherein ex- 
cess resin at least partially fills the spillover reser- 
voir during distribution of the resin over the interior 5 
surfaces. 

10. The invention as claimed in claim 9 
wherein the mold has more than one resin spillover 
reservoir. 

11. The invention as claimed in claim 1 or 10 
claim 2 wherein the mold includes a pin for at least 
partially forming the fluid aperture. 

12. The invention as claimed in claim 11 
wherein the pin has a thermally conductive tip 
portion. 15 

13. In a plastic hollow body formed by a fluid- 
assisted injection molding system including a mold 
having a body forming cavity and an injection ap- 
erture wherein plastic resin is injected through the 
injection aperture and wherein fluid is injected into 20 
the resin through a separate fluid aperture in the 
mold to at least partially distribute the resin, the 
improvement comprising: 

a substantially endless hollow body portion formed 
within the body by the fluid. 25 

14. The body as claimed in claim 13 wherein 
the fluid aperture is formed in the body portion, the 
fluid aperture including two orifices extending in 
substantially opposite directions to distribute the 
resin in substantially opposite directions to form the 30 
hollow body portion. 

15. The body as claimed in claim 13 or claim 
14 wherein the endless body portion is formed 
about the periphery of the part 

16. The body as claimed in claim 13 wherein 35 
said hollow body portion includes first and second 
compartments. 

17. The body as claimed in claim 13 wherein a 
resin reservoir is formed within the hollow body 
portion by the resin during injection thereof. 40 

18. The body as claimed in claim 13 or claim 
14 or claim 17 wherein the mold has a resin 
spillover reservoir located substantially opposite the 
fluid aperture outside the body. 

19. The body as claimed in claim 14 wherein 45 
the fluid aperture is formed by a pin. 

20. The body as claimed in claim 19 wherein 
the pin has a thermally conductive tip portion. 
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